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ABSTRACT

REPRODUCTIVE BEHAVIOR AND SQUAB DEVELOPMENT IN
ATHEROSCLEROSIS-SUSCEPTIBLE WHITE CARNEAU AND
ATHEROSCLEROSIS-RESISTANT SHOW RACER PIGEONS
by
DAVID BRANNIGAN
Preliminary observations of various behaviors in
flocks of White Carneau

(WC) and Show Racer

(SR) pigeons

suggested that a comparison of reproductive behavior
could provide insights into the susceptibility of the former
breed to atherosclerosis.
disease.

The SR breed is resistant to the

A comparison of the rates of squab production

showed a breed difference attributable to the tendency of
WC pairs to begin incubating new clutches before a subse
quent pair of squabs was fully independent.

The results

of a cross breed experiment established that the breed of
the male was a major component in the differing rates of
squab production.

It was also determined that the SR

squabs develop certain motor patterns sooner than the WC
squabs during the first ten days posthatching.

The emer

gence of feather tracts during this period was also shown
to correspond to the cessation of parental nest defense.
Since rapid reproduction constituted a major
behavioral difference between the two breeds, another ex
periment was designed to determine whether disrupting the

iv

reproductive environment would lead to altered rates of
atherogenesis in WC pairs.

Autopsies were performed on

previously mated 4-year olds that had been placed in one
of three treatment groups:

isolation, group, or pair-.

Aortic tissue was scored according to the severity of the
atherosclerotic lesions present at the bifurcation of the
aorta and celiac artery.

Body weight, adrenal weights and

their histological grades, testes weights and ova sizes were
also compared among the treatment groups.

Selected adrenal

glands were prepared for electron microscopy by perfusion
fixation.

Isolated females showed the greatest acceleration

in the rate of atherogenesis.

Grouped and isolated males

had nearly similar severity scores which were much less than
those found in the isolated females.

It was evident from

the histological grades of the adrenals that both grouping
and isolation activated and pituitary adrenal axis. Elec
tron micrographs from activated regions of the adrenals
revealed changes in the organelles of steroid producing and
adrenalin containing medulary cells.

These results demon

strate that the activity of either or both the adrenal and
reproductive glands can effect atherogenesis.
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I.

INTRODUCTION

Within recent decades, cardiovascular disease has
become the major source of mortality among humans living
in economically advanced countries

(Page

et a l . , 1970).

It has been recognized that in at least ninety per cent
of these fatalities, atherosclerosis had contributed to
the cardiovascular accident

(Stamler, 1965).

Research on

atherosclerosis was accelerated in 1958 when a World
Health Organization

(WHO) study group defined athero

sclerosis as
a variable combination of changes of the intima of
arteries consisting of the focal accumulation of
lipids, complex c a r b o h y d r a t e s b l o o d and blood
products, fibrous tissue and calcium deposits, and
associated medial changes (Report of a study group,
1958).
According to Kritchevsky

(1967) most of the specu

lation on atherogenesis has tended to center around the
biological phenomena explicitly cited in the WHO definition
of atherosclerosis.
Jenkins

This approach has been criticized by

(1971) as not being broad enough in its funda

mental approach to the etiology of disease.

Recently,

for example, disease has been defined as a condition
resulting from an abnormal interaction between an individual
and his social and physical environment
shik, 1968).

Jenkins'

(Talso and Reman-

(1971) review argues for a
1

2
consideration of the fact that "certain psychosocial and
behavioral conditions do put people at higher risk of
clincially manifest coronary disease." Jenkins
however,

(1971),

indicates that the question of how behavior

affects the course of atherogenesis has not been firmly
established.

Corson

(1971) suggests that this may be due

to the inherent difficulties in obtaining sound clinical
data in behaviorally correlated studies.

Therefore, the

use of animals as experimental models in controlled
studies is certainly necessary.
As early as 1954 the National Research Council
began evaluating a number of animal species which were sus
ceptible to atherosclerosis.

Wissler

(1967) examined many

of the species which reportedly develop atherosclerosis
either spontaneously or experimentally.

He indicated

that many features of the lesions in these species did
not conform to the WHO definition.

However, Clarkson

(1959a) described lesions in the White Carneau breed of the
feral pigeon, Columba livia, which did meet the WHO cri
teria.

He

(1959b) also reported that another breed, the

Show Racer, was genetically resistant to the development
of severe atherosclerosis.

A research colony of both

breeds was subsequently established at the University of
New Hampshire and has been utilized in a variety of bio
chemical, ultrastructural and developmental studies

3
(Smith et a l ., 1966; Cooke and Smith, 1968; Santerre et a l . ,
1971).

In conjunction with this group, a behavioral study

of the two breeds was begun in the fall of 1966.
According to Levi

(1957) the White Carneau breed

originated in the United States around 1900 from commercial
squab producing Belgium Red Carneau and unknown outcrosses.
The breed has been maintained and selected for high yield
squab production ever since.

The American Show Racer

appeared in the 1930's as stocks selected for show features
from Racing Belgium Hensennes

(Levi, 1957).

Thus, there

has been selection for reproductive and morphological traits
in the atherosclerosis-susceptible breed and for morpholog
ical features in the resistant breed.

With this in mind,

the first part of this study was designed to test whether
the selection process had altered patterns of reproduc
tive behavior in the White Carneau as compared to the Show
Racer breed.
The second part of the study was designed to test
the effects of various social groupings on the rate of
development of atherosclerotic lesions.

The adrenal

gland was also observed since Byers et a l . , (1962) demon
strated that catecholamine production was noticably higher
in men whose behavior placed them at risk for coronary heart
disease.
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This thesis is written in the form of two separate
manuscripts.

The first part, a comparison of selected

reproductive patterns and squab development in the White
Carneau and Show Racer breeds, will be submitted to the
Animal Behavior Society.

The second part, a report on the

acceleration of atherogenesis and changes in the ultra
structure of the adrenal gland by socially induced stress,
will be submitted to the American Journal of Pathology.

5
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PART I: A STUDY OF THE SEX PERFORMANCE AND SQUAB
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INTRODUCTION

Reproductive behavior of pigeons has been the
subject of several classic investigations
Heinroth and Heinroth, 1949).
Jansson

(Craig, 1908;

In addition, Fabricius and

(1963) analyzed the preincubation substages of re

productive behavior in feral pigeons.

These works, com

bined with Lehrman's extensive behavioral-endocrinological
studies with Ring doves

(see review; Lehrman,

1965), pro

vide a substantial basis for evaluating most phases of
pigeon reproductive behavior.

Although there are 64

recognized breeds of pigeons available today, there have
been no comparative studies of sexual performance and
squab development among the breeds.
Since it was discovered by Clarkson
the White Carneau

(1959) that

(WC) breed develops spontaneous athero

sclerotic lesions which are similar to those found in man;
and that the Show Racer

(SR) breed is resistant to the

disease, these breeds have been utilized as a model system
in a variety of biomedical investigations

(Prichard et a l .,

1964; Smith et a l ., 1966; Santerre et a l ., 1972).

Levi

(1957) states that the WC was developed for commercial
squab production; while the SR has been selected for show.
Accordingly, after examining several types of behavior, it
9
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appeared that reproductive behavior might have been that
most altered by selection.

Support for such an idea exists

in poultry research where Wood-Gush

(1958) established that

reproductive behavior was a better predictor of fertility
in sire families than were any of the standard indices of
sperm quality.

EXPERIMENT I

This experiment served to evaluate the signifi
cance of the characteristic bow-coo courtship display and
to establish which breed, the WC or SR, is more fertile.
In addition, the development of squabs was observed.

Methods
The birds, 13 pairs of WC and 8 pairs of SR, were
the offspring of stocks originally obtained from the Pal
metto Pigeon Plant

(Sumter, S. C.).

breeds is described by Levi
Palmetto Pigeon Plant.

The lineage of these

(1957), the founder of the

Prior to their use in this study

the birds were maintained in battery cages until maturity
at approximately eight months of age.

Sexual behavior

was. then observed and served to identify the sexes.
During the study period, a 14-hour photoperiod was main
tained with food

(Purina Pigeon Pellets and Palmetto

Health Grit) and water supplied ad libitum.
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Apparatus:

Breeding cases measuring 1-1/2'x 3'x 3'

were equipped with two partially hidden Savagran fibre
nesting bowls.

A Nagra tape recorder facilitated the quan

tification of courtship calls.
Procedures:

Fabricius

and Jansson

(1963) divide

the preincubation phase of the breeding cycle into two
major behavioral chains each of which is differentially
activated as a courtship period progresses.

At the outset

the males courtship behavior begins with bow-cooing followed
by displacement preening, billing and then copulation
Figs. la-e).

(see

Beginning about the fifth day of courtship

the male after bow-cooing will call from the nest site and
attract the female.

Next the male squats as the female

approaches and vibrates his wing tips.

The female then

nibbles the male after which both leave the nest to collect
nest materials

(Figs. l f-h).

Accordingly in order to com

pare the frequency of bow-cooing between the males of the
two breeds, the males in this experiment were place singly
in their nesting cages for 20 minutes.

A hen of the same

breed was selected at random and was placed in with the
male.

The male's bow-cooing appraoches were then recorded

in the same manner as Fabricious and Jansson

(1963).

In

this procedure a 34-minutestest period was divided into
2-minute subperiods since observations have established
that bow-cooing seldom occurs with any greater frequency.
The number of subperiods was recorded in which bow-cooing
occurs.

12

Fig. 1.— Two preincubation courtship sequences that are
initiated by the bow-coo display:
(a-e) illustrate bow-cooing, billing and copulation.
This is most characteristic of the earlier
phases of courtship.
(f-h) illustrate a second sequence that terminates
in nest construction.

13

(a)

The bow-coo display begins with the males bowing toward
the female until the body is horizontal.
The crop is
inflated and the bow call is produced.

(b)

Next the tail is spread.

(c)

The male rises on his toes simultaneously erecting the
neck.
This upward movement causes the tail to drag
across the ground.

14

(d)

The female will then probably insert her bill in the
male's and simulate a juvenile feeding bout.

(e)

Copulation behavior.

(f)

Midphase courtship is characterized by the male's nest
calling following a bow-coo bout.
In nest calling the
male sites on the potential nest site, calls and
vibrates his wing tips.

15

(g)

The female will then nibble the calling male.

(h)

This sequence is terminated by the pairs gathering
and arranging nest materials.
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After all the males were observed, the mated pairs
were allowed to breed freely for 5 months.

All squabs re

mained with their parents until they were completely weaned
by the fourth week posthatching.

In this way squab produc

tion data for the 5-month test period was compiled.

After

the squabs hatched, the first 10 from each breed were weighed
daily prior to the first parental feeding of the day.

While

the squabs were being weighed, the emergence of motor acti
vity in the head, neck, wings, body and legs was recorded.
The development of feather tracts and skin pigmentation was
likewise noted.

Results
WC males were observed to bow-coo more than the SR
males

(Table I ) .

While not reaching statistical signifi

cance, it appears that the use of more birds would show a
clear breed difference in this behavior.
Further it was noted that those WC males who did not
bow-coo repeatedly during the test mating spent most of the
time either fighting or pursuing the female.

Unlike these

males, the low-scoring SR males tended to break off and ex
plore or feed after performing a few initial bow-coos.

This

data could be interpreted to show a breed difference in
aggressiveness.
On the seventeenth day postmating 10 WC and 4 SR
clutches were laid

(see Table I ) .

The remaining WC and SR

clutches were not laid until 7 weeks later.

Among the early

17

Table I. Comparisons of (a) the median number of bow-cooing
subperiods in the initial 34-minute test mating; (b) median
number of days from pairing until the first successfully
hatched; and (c) the median number of squabs produced/pair/
five months in the White Carneau (WC) and the Show Racer
(SR) breeds of pigeon.
WC

N

PROB.

Bow-cooinga

13 males

14

8 males

11

First clutch*3

13 pairs

41

8 pairs

73

Squab production0

13 pairs

5

8 pairs

2

Mann-Whitney U test values
1= 24.5

i
—i
in
o

SR

.
V

N

VARIABLE

<.0012
<.013
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layers only the WC pairs incubated the eggs successfully.
The SR tended to incubate for 3 or 4 days then abandon the
nest.

This behavior resulted in highly significant dif

ferences between the dates when the first clutches were
hatched

(Table I ) .

Within 15 days after a clutch had been

hatched, the initial ten WC pairs produced a second clutch.
Only one of the SR pairs did this.

Five of the WC then went

on in similar fashion to set a third clutch.

In these lat

ter cages up to as many as 4 young birds were jammed in with
the mating pair.

It was this pattern of repeated egg laying

which lead to the significant differences in overall squab
production

(Table I ) .

The growth curves for the squabs of the two breeds
did not differ significantly
pected since Levi
heavier breed.
Rohlf, 1969)

(See Fig. 2).

This was unex

(1957) had described the WC as being the

A two-way analysis of variance

(Sokal and

showed that the body weights of age matched

pairs of adult WC and SR birds purchased from the Palmetto
Pigeon Plant were significantly different

(see Table I I ) .

Development of motor patterns are summarized in Fig.
3.

Characteristically, in both breeds the head flopped

about with little control during the first day posthatching
(see Fig. 4 a ) ; but, by the second day it could be held
upright for increasing periods of time.

Beginning on the

third day, two SR squabs used their beaks and feet in
pulling and pushing themselves across the weighing pan.

By

19

2.4
2.3
2.2
2.1

20
\9

WC 1 S 2 . Y .U 2 7 9 . 0.11480 X

<d IOG
1.1

Y = U 8 05 ? 0.1 14 2 6 X

1.0

A G E IN DAYS

Fig. 2.— Mean weights of White Carneau (W) and Show Racer
(S) pigeons (N=10/breed) on days 1-10 post hatch.
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TABLE II. Mean body weights ±S.E. of matched adult WC and
SR pigeons between one and two years old.
SEX

N

WC

N

SR

M

5

598.2 ± 16.2

5

471.2 ± 34.2

F

5

532.4 ± 27.0

5

442.4 ± 24.9

F sex (1, 16) = 3.24 n.s.
Fbreed

(1, 16) = 17.0**

EYES O P E N

‘ PUSHES BODY

s t a n d in g

Ti __________________________ ’
W H I t * C A R N E A U C T u a in
SHOW RACER
P E C K IN O

D AYS

Fig. 3.

Development of motor patterns in White Carneau and Show Racer squabs.
The horizontal line and accompanying figure mark the day and the number of
squabs first exhibiting the pattern.
The bar indicates the day at which
all squabs are participating.
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(a)

Show Racer, first day posthatching.

(b)

Show Racer squab three days posthatching.

(C)

Six-day old White Carneau squab with all feather
tracts emerged except the capital and auriculars.

Pig.

4a-c.— Characteristic stages of preweaning develop
ment in White Carneau and Show Racer Breeds
of squabs.

23
day four the remainder of the SR attempted this motion while
the WC squabs required an additional day.
On day six, the first SR squab utilized his wings
and legs in raising the body up off the pan in a full
erect stance.

The WC squabs again lagged in the develop

ment of this motor pattern.

By day ten all squabs in the

nest stood upright when they were disturbed for their weighing
session.

On day twelve whenever the WCs were deliberately

disturbed, they would bob their bodies up and down while
rapidly popping their lower bill away from the upper.

This

threat or defensive display was augmented the following day
with actual pecks at the hand of the intruder.

SR squabs

did not begin to develop popping displays until sixteen
days posthatch.

By this time the WC squabs had abandoned

the popping display and were now jumping out of the nest
and attempting to run away from an intrusion.

They could

also negotiate short flights at this time.
The temporal development of various feather tracts
is summarized in Fig.

5 (see also Fig.

4c ) .

Since the

tracts emerged at the same time in both breeds, Fig. 5
represents a composite of WC and SR squabs.

Skin color

was an additional morphological feature that varied during
the post hatch development.
On day six, the skin of the SRs completed its
transition from an overall pink, noted during the first
three days, to a solid black.
retained the pink skin color.

In contrast, the WC squabs
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Fig. 5.— The emergence of selected feather tracts sequen
tially arranged on a composite drawing of one week
old pigeon squab.
(A)
(B)
(C)
(D)
(E)

primaries day 4
posterior dorsal tract day 5
anterior dorsal and femoral day 6
capital day 10
auriculars day 11.
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Parental nest defense changed abruptly during the
course of the 10-day posthatch period.

During the first

5 days, any attempt to remove a squab from the nest would
elicit vocalizations, feather fluffing and wing blows from
the parent occupying the nest.
displays with similar intensity.

Both breeds performed these
During days 6-10 there

was a tendency for one or another of the actions to be
omitted.

Finally, after day ten the parents would tempo*:

rarily abandon the nest during an intrusion.

EXPERIMENT II
The results of the bow-coo observations and the
observed aggressiveness of some of the WC males suggested
that the lowered production figures for the SR pairs might
be due to reduced aggressive behavior by the males in these
matings.

In order to test this possibility an additional

experiment was designed.

Methods
The apparatus was the same as that used in the first
experiment.

A new group of 32 one-year old birds was di

vided into four experimental groups with the following re
strictions:

Group 1 = WC males x WC females; Group 2 = WC

males x SR females; Group 3 = SR males x WC females; Group
4 = SR males x SR females.
as in the first study.
February through June.

Squab production was monitored

The test period similarly ran from
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Results
Table III summarizes the results of this experiment
The Kruskal-Wallis One-Way Analysis of Variance (Siegal,
1957)

showed a significant difference in the number of

squabs per pair per five months depending upon the breed of
the parent.

An a posteriori multiple comparisons tests by

the Simultaneous Test Procedure

(STP)(Sokal and Rohlf,

1969) allowed me to partition the data in Table III into
the following homogeneous and heterogeneous groups:

(1, 2)

(3, 4).

This

The numbers refer to the treatment group.

test referred to as the STP test finds a series of Wilcoxson-Mann-Whitney U-statistics for pairwise

comparisons

for each of the treatments and compares these with a
critical value

(Sokal and Rohlf, 1969).

From this par

titioning it can be seen that it is the presence of the
male WC which leads to greater squab production regardless
of the dams being either of the WC or SR breed.

Conversely

a male SR tends to lower the production of squabs during
the first five months of mating.

DISCUSSION

The failure of the bow-coo data to demonstrate a
breed effect must be considered in light of an overall
aggressiveness displayed by the WC males as compared to the
BR.

These results may be due to the fact that although
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Table III.
Total squab production from intra- and inter
breed matings of White Carneau (WC) and Show Racer (RC)
pigeons in a five month period.
GROUP

M

F

NUMBER OF PAIRS

SQUABS PRODUCED

1

WC

X

WC

4

20

2

WC

X

SR

4

17

3

SR x WC

4

6

4

SR x SR

4

8

28
there is a relative constancy to the time of bow-coo cycles,
there is considerable variability of the elements within
each bowing cycle as seen in a variety of dove species and
hybrids

(Davies, 1970).

A future study should perhaps

take this into account when interbreed comparisons of bowcooing are the focus.
Concerning the aggressive components of courtship,
Siegel

(1965) concluded that in chickens its role is not

clear insofar as there is no correlation between aggressive
courtship behavior and the cumulative number of matings
that a cock would undertake.

He attributed these results

to the agonistic elements in courtship which at the genetic
level are secondary to purely sexual acts such as mounting
and treading.

So although it appears that the WC

males are more aggressive in a courtship situation, this
behavior must for now be considered ambiguous in terms of
its providing any insights into the causes of the differ
ences in reproductive rates of the two breeds.
A third possibility is that the bow-coo display
should be considered within the context of its role in
pair bond formation.

Fabricius and Jansson

(1963) sug

gested that although this display is most commonly studied
in connection with courtship behavior,

its appearance on

feeding grounds miles away from the nest site indicates
that the display might be multifunctional.

The maintenance

of the pair bond is one of their suggested functions for
the displays.

It is possible that the relative differences
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in the first hatching dates and inteErupted incubations
might be attributed to a more leisurely development of pair
bonding behavior by the SR males.

Tentative support for

such a behavioral hypothesis accrues

from the results

of

Experiment II where the sires' breed was established as
the most significant factor in accounting for squab produc
tion totals during the five-month test period.
One can also speculate about these differences in
terms of testosterone levels or the sensitivity of re
ceptor tissues to the hormone.

Hohn and Cheng

(1967)

for

example found that in six avian species, the gradation of
a variety of male sexual characteristics and behaviors
correlated with varying levels of testosterone.

McCollum

et a l ., (1971) demonstrated that in lines of chickens
selected for high and low levels of mating behavior,
responses to androgens were a function of genetic background.
These observations are important in light of Barfield's
(1971) work which established that the preoptic area of
the hypothalmus in the ring dove was the androgen sensitive
site that controlled the activation of sexual and aggressive
behavior.

In the common pigeon, Erpino

(1969) utilized

androgen replacement therapy to establish the role of these
hormones in the control of bow-cooing.

McCollum (1971),

however, points out that neural factors are perhaps primary
to mating behavior and that when a threshold is reached in
this system endocrine responses are brought into play.

For
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this reason, future research should concentrate initially
on longitudinal studies of the mating responses as they
relate to the formation of the pair bond in these two
breeds,

in order to ascertain whether as McCollum et a l .,

(1971) suggest that selection is affecting the neural thresh
old and thereby the reproductive hormonal mechanisms.
These two breeds of pigeons should be able to provide
insights into this problem.
Once breeding was underway, the WC pairs differed
markedly from the SRs in their ability to begin new clutches
These cluthes were laid most often while the "transition age
squabs were still present in the nest cage
results).

(see Experiment I

Although these observations seem to be the most

important in terms of accounting for the increased WC pro
duction, they are the most difficult to explain.
crinological

(Bates

et a l . , 1937 and Erickson

1967) and behavioral reasons

For endo
et a l . ,

(Fabricius and Jansson,

1963),

the minimum number of days expected before a new clutch of
eggs was laid should have been approximately twenty-eight
after the nestlings had begun to feed themselves.

Wortis

(1969) designated this self-feeding stage as the transi
tion period.

The SR pairs generally conformed to this

expected starting date for second clutches.

Further re

search is clearly needed in order to clarify the roles of
the WC parents during this period especially since the
results of Experiment II indicate that the male is chiefly
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responsible for the enhanced mating activity.

Yet, it was

observed that the males tended to be the most active in
feeding the young when the female was incubating eggs.
Feeding behavior is thought to depress sexual activity in
pigeons

(lehrman, 1965).
One consequence of the rapid clutch production among

WC pairs appeared to be a deficiency in caregiving as mea
sured by the weight gain of squabs.

Data obtained in

studies utilizing a variety of turkey strains showed that
offspring of heavier strains were heavier than those of
lighter strains

(Nestor, 1971).

As was mentioned above

(see Fig. 2) there were no significant differences in the
weights of WC and SR squabs during the first ten days
posthatching which might indicate less feeding by WC parents.
The laek of differences in the weight gains, however,
may be explainable by the fact that the squabs being compared
were the offspring of parents having unequal experience in
raising squabs in that two of the SR squabs included in the
weight study were siblings to another study pair.
(1965)

and Hansson

Lehrman

(1971) have shown that there is con

siderable variation in feeding rates when one is comparing a
parent's first and second breeding experience.

These vari

ables should be controlled in future experiments.

The ques

tion of weight gains is still important in the problem of
estimating the quality of caregiving since it was observed
on several occasions that WC parents abandoned squabs. SR
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parents were never observed to abandon squabs, but they
abandoned eggs.
The observations on the development of the ability
of a squab to raise itself off the weighing pan or to
move across the pan are subject to the same bias as the
data in the weight gain study since they were made on the
same sample of squabs.

Hence, it must be concluded that

the differences between the breeds for these traits are
only tentative.

The earlier appearance of the bill popping

display in all WC squabs, on the other hand, could not be
considered an artifact in the experimental design.

Co

incident with its appearance was the cessation of parental
nest defense behavior by members of both breeds.

It seems

reasonable to speculate that the WC squabs developed their
own defensive behavior sooner than did the SRs because of
differing parental behaviors of some type.

Wortis

(1969)

showed clearly how the behavior of young ring doves is
influenced by the behavior of the parents.
Another aspect to this problem is a possible re
lationship between the emergence of the last feather tract,
the capital, on day ten posthatching

and the cessation of

nest defense by both WC and SR parents.

Wortis

(1969)

although interested in the weaning process of squabs noted
that the development of adult feathering is important in
the withdrawal of the parents from a begging transitional
squab.

Presumably the same thing is occurring here with
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regard to nest defense.

In addition, Wortis demonstrated

that on the basis of feathering patterns, parents can
easily perceive the difference between between 6-and 14day old squabs.

The problem here is that the squabs of

both breeds developed the capital tracts simultaneously;
hence the lag in bill popping by the SR squabs must be
due to other factors.
In conclusion, the main finding of this study,
the fact that WCs begin squab production sooner than do
SRs, points to a difference in some aspects of courtship.
Yet, a traditional measure of the intensity of courtship
behavior was equivocal.

The additional finding that

WC pairs tend to begin new clutches prior to completely
weaning the young from a previous clutch may be impor
tant in exacerbating the breeds'
atherosclerosis.

susceptibility to

Lutmer and Wexler

(1970) have shown

that a rather severe arteriosclerosis in female mibe
is potentiated when young pups are abruptly weaned away
from the mother.

Whether or not the early natural

weaning of the WC squabs affects the development of the
young appears to be a promising subject for future
investigation.
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INTRODUCTION

Jenkins^ in a recent review concluded that
at this time there is sufficient evidence for inclu
ding social and behavioral variables among the major
risk factors associated with coronary heart disease.
He points out, however, that the mechanisms whereby be
havior influences the atherosclerotic process are unex
plained.

Among the investigators currently working on this
2
specific problem, Byers et a l ., have shown that in those

coronary prone individuals who exhibit specific overt be
havior patterns there tends to be an accompanying elevated
catecholamine production.

Several animal studies have also

indirectly implicated the adrenal gland in behaviorally3

correlated atherogenesis.

Lang

demonstrated that long

term psychic stress, as measured by urinary 17-ketosteriod
levels, led to significantly increased coronary artery
atherosclerosis in cholesterol fed monkeys.

Pick and

4

Katz

utilized cholesterol-fed cockerels in a study of the
5
effect of social milieu on atherogenesis.
Prichard
similarly altered the social milieu among groups of
cholesterol-fed six-week-old White Carneau pigeons but
failed to increase the severity of the atherosclerotic
lesion.

Ratcliffe® has indicated that the social structure

of a species must be considered before one decides that a
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certain treatment constitutes a psychic stress.

For exam

ple, if solitary animals such as the White-tailed deer are
7

grouped, atherogenesis is accelerated.

A corresponding

condition results when social animals such as pigs are
O

isolated from the group.
Since preliminary data from our White Carneau birds
indicate that lesion severity scores tended to be higher
in cage-grouped birds as compared to fly-coop birds, an
9
experiment was designed to evaluate Prichard's
suggestion
that the failure of his treatments to affect atherogenesis
may have been due to temporal factors.

For this reason a

similar time interval was used but other variables were
considered.

The first of these was the decision to use

mature birds rather than young since Flickenger10 had
shown that young chickens do not respond as adversely to
grouping as do adults.

Secondly, since pigeons normally

are found either grouped in feeding flocks or paired to
gether with mates, isolation was used as an additional
experimental treatment.

Adrenocortical histology was used

to evaluate the efficacy of the treatments in producing
social stress, and since the adrenal gland has been impli
cated in atherogenesis, ultrastructure studies of the
gland were undertaken.

Finally, since the spontaneous

disease process was being studied, the birds did not re
ceive added cholesterol or saturated fatty acids in their
diet.
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METHODS AND MATERIALS

Experimental Treatments
Twenty-four mated pairs of three-year-old WCs were
randomly assigned to three experimental groups.

The

eight pairs in treatment "A" or "control treatment"
remained paired and were placed in nesting cages equipped
with nesting bowls.

The pairs were allowed to produce

squabs and these remained in the nesting cages until
weaning.

The eight pairs assigned to treatment "B" were

placed in one of two battery cages together with three
other pairs.

In treatment "C" eight pairs were separated

and placed singly in nesting cages which again were pro
vided with nesting bowls.

All cages were located in one

room provided with twelve hours of light and twelve
hours of darkness.
mately 28° C.

The temperature was kept at approxi

Water and food

(Purina pigeon pellets and

Palmetto Health Grit) were supplied ad libitum.

Light Microscopy
The birds were maintained from September 1969
until September 1970.

Prior to being killed by

exsanguina^

tion the birds were weighed to the nearest gram.
was then removed

and

The aorta

the celiac bifurcation was prepared

for frozen sectioning as described by Santerre et a l . ^
The H&E and Oil Red-0 stained sections were graded by this
investigator using the method of Santerre et al.

12

and
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then by R. F. Santerre, who had no knowledge of the treat
ment.

Scores were averaged.

Adrenals were removed and

weighed prior to being placed in 10 per cent buffered formalin.
Paraffin sections were stained with H&E and were then
graded according to Flickenger.

13

In male pigeons the

testes were weighed and prepared for light microscopy.
The reproductive status of females was determined by mea
suring the size of the largest ovarian follicle.

Electron Microscopy
Adrenal glands were prepared for ultrastructure
examination as follows.

Two males from the controls and

two from the grouped treatments were selected for perfu
sion fixation.

An intravenous bottle filled with 3.5 per

cent cacodylate buffered glutaraldehyde was elevated 7'8"
above the operating table.

This was done to deliver

fixative at a pressure of 204mm. Hg., the systolic pressure of the pxgeons.

14

The birds were anesthetized with

ether and their thoraces were opened.

An intravenous

needle was subsequently inserted into the left ventricle.
When the liver and kidney began to blanch, a renal vein or
a femoral artery was opened to allow continuous drainage.
Perfusion continued for 25 minutes.

Following this, the

left adrenal was removed and rapidly sliced into parallel
sections in 1 per cent buffered osmium tetroxide solution.
Under the dissecting microscope small blocks were selected
and prepared for embedding according to L u f t . ^
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adrenal was removed and placed in buffered 10 per cent
formalin for light microscopy.

One micron thick sections

were prepared in order to select inner zone cells for obser
vation.

Thin sections were stained with 2 per cent uranyl

acetate and Reynold's lead citrate.

Sections were viewed

and photographed on either an Akashi Tronscope or a
Philips'

300 electron microscope.

RESULTS
Body Weights
The live body weights after one year of treatment
are shown in Table I.

The only significant differences

which were detected by a two-way analysis of variance
were due to difference in sex.

Adrenal Weights
Due to the difficulty in obtaining the left adre
nals from ovulating hens, only the right adrenal weights
are presented in Table I.

Since differences in the live

body weights did not account for significant differences
in adrenal weights

(Pearsons' Product-Moment Correlation

Coefficient^-®) absolute weights of adrenals were used in
the analysis of variance.
difference

Again, the only significant

which was detected was due to a sex effect.

The treatment variances were overwhelmed by large withingroup variances.
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TABLE I. Effects of altered reproductive environments on body wiight, adrenal weight, adrenal
histological scores, atherosclerosis scores, testes weights and ova size in 4-year old Nhite
Carneau pigeons.
MEAN6
MEAN
ADRENAL HISTOMEAN4
MEAN5
MEAN1
BODY WT. RIGHT ADRENAL WT. LOGICAL SCORES3 ATHEROSCLEROSIS TESTES WT.
SEX
OVA SIZE
I
II
III
SEVERITY SCORES (g) + S.E. (mm) + S.E.
(mg) + S.E.
TREATMENT <N«8) (g) i S.E.
Paired
Grouped
Isolated

M
F

561.9+18.1
496.5+ 9.4

24.87 + 3.04
19.68+ 1.40

3
5

4
2

1
1

1.2
1.1

2.4 + 0.3

12.5 + 1.9

M
F

520.5+13.2
483.0+10.5

23.32 + 2.98
(MISSING)

0
3

1
5

7
0

1.9
■ 1.2

2*6 + 0.3

10.0 + 1.8

M
F

523.8+34.5
489.8+49.9

21.37 + 3.27
23.24 + 2.02

1
1

3
2

4
3

1.8
3.4

2.3 + 0.2

11.3 + 1.8

SIGNIFICANCE TESTS AND PROBABILITIES
^

“ SllHIn “ 16-7' p - ° - 001

2F test N.S.
1

See Table II

4Kruskal-Wallis One-Way Analysis of Variancei H « 12.80, P - 0.01
SN.S. by the F test.
6Ibid.
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Adrenal Scores
Initially adrenal gland activity was evaluated by
computing the ratio of the number of adrenocortical cells
to the number of adrenomedullary cells in one histological
section

(Flickenger

17

).

This method however, lead to

fairly large variations in scores within one gland.

For

example, on two adjacent sections scores could approximate
60/40 and a 50/50 cortico/medullary ratio.

When five

glands were serially sectioned, it became apparent that
sections taken from the center of the gland all contained
a higher proportion of medullary cells.

For this reason

all glands were subsequently scored according to histological grades.

Flickenger's

18

grades are as follows:

Grade I: The adrenocortical cells have a pale
staining, lipid filled cytoplasm.
The
nuclei are rounded, vasicular and often
contain nucleoli.
Grade II: This is an intermediary score given to
those glands which contain foci of I and
III types of cells.
Grade III: The cytoplasm is dark staining and has
lost its foamy appearance.
Nuclei are
roughly square and densely stained with

H&E

.

In order to evaluate statistically the effects of
the treatments on the histological grades of the cortical
cells, sexes were first pooled within treatment groups and
then the "grouped"

(B) and "isolated"

(C) grades were

pooled for comparison by Chi Square with the paired or
"control" treatment birds

(Table I I ) .

As shown in Table

II, there is a significant difference in the distribution
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TABLE II.
Pooled adrenal scores for paired
vs. all disrupted pairs of White Carneau pigeons
Adrenal Scores
I
II
III
Paired

8

6

2

Disrupted

5

11

16

X2

= 8.68, P < 0,05
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of the histological grades.

By inspection of Table II it

can be seen that disruption of the mated pairs tended to
increase the proportion of adrenal glands in Grades II
and III.

Normal Adrenal Ultrastructure.
The technique of perfusion fixation not only pro
duces repeatedly uniform histological preservation during
the course of a study, but it also facilitates the compari
son of tissues prepared by different investigators.

In this

study there was a close correspondence between the m o r 
phology of the pigeon adrenocortical cell and the chicken

. 19

adrenocortical cell as described by Kjaerheim

and therefore

his nominclature will be followed.
The adrenocortical or steroidogenic cells were
either of the bipolar or the parenchymal type

(see Fig 1).

The former appeared in strands of cells resting on a dis*^
crete basal lamina associated with some portion of the
microcirculatory system
basal portion

(see Fig. I I ) .

In these cells the

(i.e., that directly associated with the basal

lamina) characteristically contained the ovoid shpaed nu
cleus, many mitochondria and a few lipid vacuoles
I ll).

(see Fig.

Lipid vacuoles were either of approximately the same

size and number as mitochondria or else they were three times
larger than the mitochondria and fewer in numbers.

The golgi

bodies and centrioles were distributed apically to the
nucleus.

In this apical region lysosomes and most other
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Fig. 1.— Light micrograph of a Grade II pigeon adrenal.
The bipolar (BP) and parenchymal (P) types of corti
cal cells are present along with noradrenalin (NA)
and adrenalin (A) medullary cells.
Capillaries (C)
and blood sinuses are well preserved by the use of
glutaraldehyde perfusion fixation (x400).
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Fig. 2.— Electron micrograph of bipolar adrenocortical
cells.
The basal portion of the cells contacts a well
defined basal lamina (BL) which separates the bi
polar cells from the endothelium (EN) of a vascular
channel.
In these normal cells, most of the lipid
vacuoles (LV) are concentrated at the apilcal end
(x4,000).
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Fig. 3.— The basal portion of two bipolar cells containing
abundant mitochondria (M).
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lipid droplets were found.

Cells of the parenchymal type

were often situated at the confluence of several strands
and were not seen to contact a basal lamina.

Organelles

were distributed evenly throughout the cytoplasm of cells
of this type

(see Fig. 4).

Except for the mitochondria the form and distri
bution of organelles within the steroidogenic cells were
identical to those described by Kjaerheim.

20

The cristae

in the mitochondria of pigeon bipolar cells were all of
the lamellar type

(see Fig.

5).

Kjaerheim

21

reports

that such mitochondria were rarely encountered in cells of
the central zone of the chicken.

Parenchymal cells con

tained mitochondria which were round in shape and the
cristae were part lamellar and part tubular.

Normal Adrenomedullary Ultrastructure
Under the light microscope the catecholamine con
taining adrenomedullary cells can be differentiated from
the cortical cells by their general cell morphology and
by their basophillic staining reaction with H&E
1).

(see Fig.

The medullary cell is characterized by a large vacuous

nucleus surrounded by a thin ribbon of cytoplasm.

In addi

tion, the medullary cell population can be further divided
among lighter staining adrenalin containing cells and
darker staining ones containing noradrenalin

(see Fig.

The former tend to predominate in the pigeon.

6).

Electron m i 

croscopy corroborates the differences seen with the light
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Fig. 4.— A parenchymal adrenocortical cell containing small
lipid vacuoles (LV) and rounded mitochondria (M).
Lipofuscin
types.

(LF) is more abundant in these cell
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Fig. 5.— Mitochondria (M) from a representative bipolar
adrenocortical cell containing the lamellar type
of cristae.
Microtubules (MT) are seen running along the
periphery (x20,500).
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’’r&M W '

mm

Fig.

6 .— Noradrenalin (NA) and adrenalin (A) vacuoles within
their respective medullary cells (x9,000); (inset)
Lipid vacuoles found in the medullary cells from
activated portions of the adrenal (x8,500).
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microscopy.

In the adrenaline-type cells, the chromaffin

containing vacuoles presented a granular appearance.

The

granules were evenly distributed throughout the cyto
plasm.

Noradrenaline containing cells are easily differ

entiated by their dense osmophillic chromaffin granules.
Although most of the organelles appear similar to those
described by Brown et al,

22

it should be noted that the

mitochondria of the pigeon medullary cells are of the
lamellar type.

Moreover, large bundles of nuclear fila

ments were characteristic of medullary cell nuclei

(see

Fig. 7).

Effects of Grouping and Isolation on the Ultrastructure
of Adrenocortical Cell
At the tissue level there was a breakdown of the
stranded arrangement of bipolar cells of crowded birds
and a concommittant increase in the number of parenchymal
type cells of the cortical cells.

Examination of the con

tralateral glands by light microscopy confirmed this obser
vation.

Another feature of the gland from stressed birds

which is corroborated by light microscopy is the overall
depletion of lipid vacuoles in cortical cells.

The lipid

vacuoles, when present in the stressed glands tended to be
of the previously mentioned smaller variety

(see Fig. 8).

The majority of the cells, however, lacked vacuoles alto
gether and instead

le cytoplasm was packed with smooth

endoplasmic reticulum tubules and vesicles.

Golgi also
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Fig. 7.— Nucleus of an adrenaline containing medullary
cell.
The notched appearance, nuclear fibrils and a promi
nent nucleolus characterize this cell type.

57

Fig. 8 .— Activated cortical (parenchymal cell) character
ized by a prominent golgi (G) and smooth endo
plasmic vesicles (SEV)(x!0,000).
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tended to be prominent.

Morphological changes in the

nucleus that were noted by light microscopy seem to be the
result of an alteration of the elongated ovoid shape into
a spherical form.

At the electron microscopic level this

was accompanied by the loss of a microtubular band that
surrounded nuclei in control cortical cells.

Stressed

mitchondria differed from controls only in a slight loss
of osmophilic substances within the matrix.

Effect of Grouping on the Adrenomedullary C ells.
Of the two medullary cell types only the adrenalin
containing ones

(A cells) appear to have been affected by

the treatment.

It appeared by EM that in at least half of

the A cells there was a diminution of the staining pro
perties of the already lightly staining granules.

Another

feature of these affected cells was the presence of lipid
vacuoles.

These vacuoles are composed of up to as many

as four lipid droplets surrounded by a darker staining
material.

The form of these vacuoles suggests that they

may be lysosomal in nature.
Effects of Grouping and Isolation on the Severity of
Atherosclerosis
Male and female scores were pooled within treat
ments in order to test the atherosclerosis severity
scores by the Kruskal-Wallis one-way analysis of variance
test.

The difference in the treatment scores were found
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to be significant at P < .01.

A posteriori comparisons

were than made by the nonparametric STP
Rohlf)

23

(Sokal and

test and the treatments were thus partioned into

the following homogeneous and heterogeneous groups:
(grouped, isolated).

(paired)

This established the fact that dis

rupting mated and nesting pairs significantly alters the
rate of atherogenesis.

By inspection of Table I, it can

be seen that isolated females as a group showed the greatest
overall response during the one-year period.

The severe

lesions were striking in that many of their pathological
features are generally seen only in older birds
et a l .)

24

or in cholesterold fed experimentals

(Santerre
25
(Prichard).

Although males never developed lesions that were comparable
to those found in the isolated females, their scores never
theless reflected a certain degree of responsiveness to the
altered reproductive environment.

Behavior
The paired birds in nest cages carried out several
cycles of reproductive activity which conformed to the
26
descriptions of other authors.

Grouped birds, however

characteristically engaged in high levels of aggressive be
havior of both intrapair and interpair forms.

In the former,

males would peck at the females and attempt to drive them as
they would toward a nest.

Several hens lost scapular

feathers as a result of this driving behavior.

Interpair

aggression was more vigorous and involved not only pecking,
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but also wing blows and vocalizations.

One bird in each of

the battery cages was severely pecked by the end of the
study period.

Males were responsibile for most of the

fighting, but females would peck at birds who infringed on
the p a i r s 1 territory.

Isolated birds of both sexes spent

considerable amounts of time running frantically back and
forth within the cage.

All the females in isolation laid

at least ten eggs on the floor and in the nest bowls.

By

the end of the study period, three of the males appeared
to be in severely depressed states, to the extent that
they failed to respond to the vocalizations of fighting
birds in adjacent cages.

DISCUSSION

In this study an attempt was made to determine
whether or not grouping or isolation treatments could
accelerate atherogenesis in the susceptible strain of WC
pigeons.

First, in contrast to Prichard's

27

results, it

is evident that when mature WC are grouped in battery
cages there is a significant increase in the atherosclero
tic lesion scores

(Table III).

Inspection of Table I

reveals that the major source of variation between grouped
and paired birds was due to the greater scores of the
grouped males.

Ratcliffe

28

reported similar data for the

development of lesions in the intramural coronary arteries
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TABLE III.
STP test of atherosclerosis scores
in Table I expressed as Wilcoxson-Mann-Whitney
U-statistics.

176.0
215.5*
I = Isolation
G = Group
P = pair treatments
h

Critical U = 205

149.0
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of grouped chickens and he attributed his results to the in
creased levels of social interaction produced by the forced
association of males in the presence of females.

Among

feral chickens, a single male will organize a harem flock
that excludes other males.

Ratcliffe's further research

led to the conclusion that in addition to coronary lesions,
leukosis and renal glomerular sclerosis may be induced by
the same social situation, but probhbly not through the
same mechanism.

29

The mechanisms whereby stress hormones

affect general host resistance has been described by
Vessey.^®

Also germaine to this study is R a t c l i f f e ' s ^

observation that "aortic involvement may develop simul
taneously with glomerular sclerosis and coronary arterio
sclerosis."

One of the other diseases, however,

usually dominant.

is

Conceivably then, in the grouped

pigeons the differing rate of atherogenesis between the
males and the females could be explained either in terms
of the females not responding to the increased levels of
social interaction in the same way as do the males or
else different pathological mechanisms were being acti
vated in the females.

These ideas will be developed later.

Examination of the severity scores from isolated
birds reveals a reversal of the trend seen in the grouped
birds.

Here the females developed lesions that were

identical to those found in the six-year old birds described
by Santere et al.

32

The males on the other hand, had lesion
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scores similar to those found in the grouped males.

Again

in comparing these results from similar isolation experi
ments with chickens we see that this treatment also pro
duced the greatest acceleration in the rate of lesion
formation.
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Unlike the pigeon, however, cocks show the

greatest response and hens the least.

Putting these

differences aside, Ratcliffe's conclusion that sex and
social situation affect the rate of progress of aortic
lesions appears to be tenable for pigeons as well.
Ever since Selye
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proposed his general adaptation

syndrome theory of stress, adrenal hyperplasia has served
as an index for measuring the intensity of stress in an
organism's social and physical environment.

Ratcliffe

35

in reassessing several of his studies, concluded that
reports of an association between adrenal hyperplasia and
coronary heart disease may rtflect a spurious correlation.
This reaction was based on his finding that isolated male
chickens

(the severe coronary disease group) had smaller

adrenals than did grouped males.
observed by Brain and Nowell
experiments with mice.
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A similar situation was

in grouping and isolation

But, in addition, Brain noted that

the isolated mice had not only greater adrenal weights but
also the isolates had greater testes weights.

Brain rea

soned that the enhanced pituitary-gonadal activity was
somehow inhibiting the adrenals.

The female mice on the

other hand, developed hypertrophic adrenals when they were
isolated.

37

Yet when Brain castrated the females prior to
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isolation the adrenal response was abolished thus indicating
that like the males the responses of the adrenals are some
how potentiated by the sex hormones.

Thus, the adrenal-

gonadal axis appears to be an important functional unit of
the endocrine system.

Meier et al_.
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have recently shown

how this unit functions on the timing of avian reproductive
cycles.
The results of the adrenal data from this experiment
indicate that although the treatments did not affect the
adrenal weights, there was a significant difference in the
adrenal scores.

Regarding this, it is unusual that the

weights of the adrenals from the control paired birds should
be the same as those from the treated groups. This obser
vation suggests that the indoor confinement of birds to
breeding cages without the chance to associate with a
feeding flock may be a form of social stress.
finding that half of the

The further

paired birds had adrenal scores

which reflected a certain degree of activation corroborates
this hypthesis.
The fact that there was an increase in the pro
portion of birds displaying depleted adrenocortical cells
indicates that the grouping and isolation treatments were
producing a more intense stress.
form to those made by Flickenger

These observations con39

on grouped chickens.

Before discussing the ultrastructural changes seen
in activated adrenal cells, a few points should be made
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concerning the normal cell.

As was mentioned in the

Results, an unreported parenchymal type cell was observed
in the central zone of the pigeons adrenal.

In terms of

morphology, these cells show similarities with the cells
which Rhodin
mice.

40

has described form the zona reticularis of

Two of the points in common between them are (1) the

largest number of profiles of smooth endoplasmic reticulum
of any of the other cells in the adrenal cortex of mice
(central zone of pigeon) and
granules.

(2 ) abundant lipofuscin

Further experimental data is necessary to decide

whether there are functional correlates to these morpho
logical one.
Since lamellar type mitochondria are apparently
unique to the pigeon adrenal, Rhodin's use of the mito
chondria in the differentiating zona glomerulosa cells from
zona fasiculata cells is of interest.

According to Rhodin,

the mitochondria from the former zone were generally
elongate in shape and contained tubular cristae.

Fascicu-

lata mitochondria tended to be round in shape with vesicu
lar cristae.

Kjaerheim noted that the mitochondria of

the subcapsula.r zone were also elongate in form and those
from the central zone were round.

. 41

Kjaerheim

In a later work

concluded that since the subcapsular cells

responded to ACTH treatments that they were not to be considered analogous to zona glomerulosa cells as Ghosh
had done in a previous histochemical study.

42

Rhodin, however,
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noted that mice zona glomerulosa cells responded to ACTH.
Ghosh's

44

43

original interpretation should, therefore, be con

sidered acceptable once again.

In the pigeon central zone,

the bipolar cfells possessed elongate mitochondria with
lamellar cristae.

Parenchymal cells contained round mito

chondria with mixed lamellar and vesicular cristae.
Rhodin describes this latter situation as being character
istic of a change in steriodogenic activity.
As would be expected, the number of cells demonstra
ting the above mentioned mitochondria increased in regions
of adrenal hyperplasia.

The hyperplastic regions con

tained more of the parenchymal type cells.

This transition

is also seen with light microscopy and is one of the criteria of the histological grading system.

Myers
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carefully

demonstrated how under conditions of psychological stress,
a wave of hypertrophy begins in the zona reticularis of the
rabbit adrenal and moves out along the strands of the zona
fasciculata converting the lattfec region into a mass of
clumpy cells.

For this reason it is probably more appropri

ate to consider the parenchymal cell of the pigeon adrenal
to be an active hypertrophic cell.

The increase in the

smooth endoplasmic reticulum and the loss of lipid droplets
support this interpretation.
by Seelig and Rennels
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Similar changes were reported

when they treated unilaterally

adrenalectomized rats with cyano-ketone, a synthetic androstane, and undoubtedly a study of this type should be
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undertaken in order to identify more carefully the cell
types that are important in this type of stress response.
The appearance of lipid vacuoles in the adrenaline
containing cells from activated glands is of interest since
Wurtman and Axelrod

47

have shown that glucocorticoids are

involved in the synthesis of adrenaline.

Further work is

needed to decide whether these EM observations are in
line with their hypothesis.

Another possibility is that

the lipid accumulation is part of a degenerative process
accomanying cell turnover.
Among the reproductive data, the major point of
interest is the fact that the isolated females laid eggs
throughout the study period.

It should be repeated that

these were severe lesion birds and they also showed evidence of adrenal hyperplasia.

When Lutmer and Wexler
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stimulated the pituitary-gonadal axis of female mice by
repeatedly breeding them, a severe medial atherosclerosis
was generated in the aortas.

This state seemed to be

coupled with a very high production of corticosterone which
they in turn showed was responsble for changes in a variety
of aortic enzymes.

These latter findings agree with studies

in humans where Friedman

et al^.
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showed that

members of

a high coronary risk group had significantly elevated levels
of corticosterones.

What is of interest here, however, is

that the isolated female pigeon has the proper hormonal
synergy; i.e., adrenal and gonadal activation, required to
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accelerate aortic atherogenesis.

Of further interest is

Lutmer and Wexlers' demonstration that the greatest aortic
response in female rats occurred when pups were abruptly
weaned away from the mother.
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It was demonstrated in

the preceding section of this thesis that the reproduc
tive behavior of the WC breed is characterized by a ten
dency of parents to abruptly terminate the feeding of the
young squabs and immediately oviposit.

These facts seem

to present a picture of the WC breed as being behaviorally
disposed toward aortic atherogenesis in the same way as
occurs among
rats.

artifically • rapidly bred female mice and

The difference in the nature of the respective

lesions, i.e., intimal vs. medial, is possibly due to
the presence of a reported defect in the lipid metabolism
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of aortic smooth muscle cells in the WC.

Correspondingly, the increased severity of these
lesions may reflect a still greater adrenal output under
isolated conditions.

The grouped females on the other

hand had adrenal activation without reproduction.

Further

work will be needed before one could conclude that this
was the reason why these females had lower severity scores.
These ideas may also explain the failure of grouping
to affect atherogenesis m

young birds.
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Doering et a l .

have at least shown that in strains of stress reactive
mice, there is a relationship between puberty and the abili
ty of the mice to produce high levels of corticosterones.
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Concerning the results obtained with male pigeons,
Lutmer and Wexler
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reported that repeatedly bred male

rats did not develop major aortic lesions but that they
suffered severe myocardial infarctions.

This point

justified the suspicion that perhaps the isolated male
pigeons may also have reacted pathologically to the treat
ment in a way that was not detected in this study.

At

least the depressed state of some of the isolates must be
considered a pathological condition.
In conclusion, because the clinical manifestations
of coronary atherosclerosis was much more common in the
human male than in the female, particularly among subjects
between 35 and 60 years old as determined for the 19401950 decade, the idea developed that estrogens "protect"
women.
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Yet, Furman et al. concluded that while the

effect of gonadal hormones on serum lipid and lipopro
teins is striking, their significance in the genesis of
atherosclerosis is obscure.
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Related to these observa

tions are the findings that when women executives who
displayed the "Type A" overt behavior pattern were grouped
with similar male patients, Friedman et al. showed that no
sex differences existed in the incidence of either pre
dicted or actual coronary disease.^®

These are the types

of studies that are broadening the approach to the problem
of atherosclerosis by discarding concepts that are no
longer useful.

Psychosocial studies are now beginning to
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suggest variables that should be considered in deciding
whether or not patients are at risk for coronary disease.
Considering Corsons

57

comments on the inherent difficulties

in using human subjects in behaviorally correlated studies,
it is evident that the WC pigeon can furnish meaningful in
sights into the psychosocial aspects of the disease.
Finally,

it should be emphasized how much studies such as

this and many of those which have been cited have benefited
CO

from the prescient observations of Ratcliffe.

Indeed,

the recent publication of a WHO symposium on "Society,
Stress and Disease"
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is evidence of the growing acceptance

of the concept that behavior plays a substantial role in
many disease processes.

SUMMARY
Three-year old White Carneau pigeons were ran
domly assigned to the following treatments:
grouping

(eight birds per cage), and pairing.

isolation,
After one

year, postmortems found aortic atherosclerosis most ad
vanced in isolated females,

intermediate in grouped and

isolated males and least advanced in paired males and
females and grouped females.

Adrenal hyperplasia occurred

in all treatments but a higher proportion of hyperplastic
changes were seen in isolation and grouped birds.

Electron

microscopy of activated adrenals revealed changes in the
organelles of both adrenocortical and meduallary cells.

The
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severe lesions seen in the isolated females are attributable
to a simultaneous activation of the pituitary^adrenal and
pituitary-gonadal axises.
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